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ABSTRACT 

Methods, systems, and apparatuses for a portable device 
capable of receiving satellite navigational system signals to 
retrieve visibility mask information corresponding to the por 
table device's current location and/or trajectory are 
described. 
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METHOD AND APPARATUS FOR GUIDED 
ACQUISITION AND TRACKING IN GLOBAL 

NAVIGATION SATELLITE SYSTEM 
RECEIVERS 

PRIORITY 

0001. This application claims priority under 35 U.S.C. S 
119(e) to U.S. Provisional Patent Application Ser. No. 
61/858,281 filed on Jul. 25, 2013, the entire disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 
0003. The present invention relates generally to reducing 
power consumption in a portable device capable of receiving 
Global Navigation Satellite System (GNSS) signals, and 
more particularly, to minimizing signal acquisition time and 
the number of required tracking channels in a portable device 
having a GNSS receiver using information regarding the por 
table device's current location. 

0004 2. Description of the Related Art 
0005 Satellite navigational systems provide positional 
and timing information to earth-bound receivers. Each sys 
tem has its own constellation of satellites orbiting the Earth, 
and, in order to calculate its position, a receiver on Earth uses 
the satellites “in view” (i.e., in the sky above) from that 
systems constellation. Global Navigational Satellite System 
(GNSS) is often used as the generic term for such a system, 
even though Such navigational satellite systems include 
regional and augmented systems—i.e., systems that are not 
truly “global.” The term “GNSS, as used herein, covers any 
type of navigational satellite system, global, regional, aug 
mented or otherwise, unless expressly indicated otherwise. 
0006. The number of GNSS systems, both planned and 
presently operational, is growing. The widely-known, 
widely-used, and truly global Global Positioning System 
(GPS) of the United States has been joined by one other 
global system, Russia's GLObalnaya NAVigatsionnaya Sput 
nikovaya Sistema (GLONASS), and is presently being joined 
by Europe's Galileo and China’s Beil Dou (also known, in its 
second generation, as COMPASS) systems—each of which 
has, or will have, its own constellation of satellites orbiting 
the globe. Regional systems (those that are not global, but 
intended to cover only a certain region of the globe) include 
Japan's Quasi-Zenith Satellite System (QZSS) and the Indian 
Regional Navigational Satellite System (IRNSS) currently 
being developed. Augmented systems are normally regional 
as well, and “augment existing GNSS systems with, e.g., 
messages from ground-based Stations and/or additional navi 
gational aids. These include the Wide Area Augmentation 
System (WAAS), European Geostationary Navigation Over 
lay Service (EGNOS), Multi-functional Satellite Augmenta 
tion System (MSAS), and GPS Aided Geo Augmented Navi 
gation (GAGAN). Regional GNSS systems, such as QZSS, 
can also operate as augmented systems. 
0007 Moreover, GNSS capabilities are no longer limited 
to any particular type of system or device. A GNSS receiver 
may be implemented in a mobile terminal, a tablet computer, 
a camera, a portable music player, and a myriad of other 
portable and/or mobile personal consumer devices, as well as 
integrated into larger devices and/or systems, such as the 

1. Field of the Invention 
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electronics of a vehicle. The term “GNSS receiver” as used 
herein, covers any such implementation of GNSS capabilities 
in a device or system. 
0008 Broadly speaking, the reception/processing of 
GNSS signals involves three phases: acquisition, tracking, 
and positional calculation (or “navigation solution'). Acqui 
sition is the acquiring or identifying of the current satellites in 
view (SVs), which means satellites that are “visible’ over 
head, i.e., the satellites from which the GNSS receiver can 
receive signals. Obviously, in any “global GNSS constella 
tion of satellites, roughly half of the satellites are orbiting on 
the other side of the planet at any time. Acquisition uses one 
or more of satellite almanac information, the GNSS receiv 
er's last positional calculation, assistive information concern 
ing the local region received by terrestrial transmission, sig 
nal processing (specifically, finding satellite signals by 
correlating known signal patterns), and other means well 
known by those of ordinary skill in the art, in order to acquire 
the current SVs. Acquisition can be understood as “finding 
the SVs, tracking is the fine tuning of the signals received 
from the acquired SVS and the keeping track of the acquired 
SVs over time. Once acquired and adequately tracked, the 
SV's signals are processed to extract the navigational, posi 
tional, timing, and other data transmitted in each SVS signal, 
and the data from all the SV’s being tracked is then used to 
calculate the GNSS receiver's position. Of course, there are 
further complexities to the actual reception and processing of 
GNSS signals, such as various loops feeding back informa 
tion between these phases for further correction and adjust 
ment of data, as is known to one of ordinary skill in the art. 
0009. When a GNSS receiver is implemented in a portable 
and/or mobile device which relies upon one or more batteries 
for power, the components used for GNSS signal reception, 
signal processing, and positional calculation use a substantial 
amount of the power budget when in use. When the GNSS 
capability is being used for continuous updating of positional 
information, such as when navigating a route in a moving 
vehicle or while walking in unfamiliar terrain, it is a particu 
larly large drain on the one or more batteries. 
0010 More specifically, when in an environment where 
the “view” of the GNSS receiver is completely blocked for 
large regions of the sky, large amounts of battery power are 
wasted both in attempting to acquire SVs which can never be 
acquired and tracking SVs which can no longer be tracked. 
0011. The waste is not trivial, as every milliamp (mA) 
decreases the battery life of a portable device. Such battery 
power consumption spent on tasks which, by definition, can 
never Succeed is a significant waste. Thus, there is a need for 
a system, method, and/or apparatus to reduce the power con 
Sumed in acquiring and/or tracking SVs blocked by local 
environmental conditions from a GNSS receiver in a portable 
device powered by one or more batteries. 

SUMMARY OF THE INVENTION 

0012. The present invention addresses at least the prob 
lems and disadvantages described above and provides at least 
the advantages described below. According to one aspect of 
the invention, a GNSS receiver minimizes GNSS signal 
acquisition time and the number of tracking channels using 
mask information from a database. 
0013. According to one aspect of the present invention, a 
method for a portable device capable of receiving satellite 
navigational system signals to receive visibility mask infor 
mation is provided, including retrieving mask information 
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corresponding to a current location of the portable device; and 
setting a visibility mask based on the retrieved mask infor 
mation corresponding to the current location of the portable 
device. 
0014. According to another aspect of the present inven 

tion, a portable device is provided, including a receiver con 
figured to receive at least satellite navigational system sig 
nals; one or more processors; and at least one non-transitory 
computer-readable medium having program instructions 
recorded thereon, the program instructions configured to have 
the one or more processors perform the steps of retrieving 
mask information corresponding to a current location of the 
portable device; and setting a visibility mask for the satellite 
navigational system signals based on the retrieved mask 
information corresponding to the current location of the por 
table device. 
0015. According to yet another aspect of the present 
invention, a mobile terminal is provided, including a receiver 
configured to receive at least satellite navigational system 
signals; a mobile telecommunication network transceiver 
configured to transmit and receive signals of a mobile tele 
communications network; one or more processors; and at 
least one non-transitory computer-readable medium having 
program instructions recorded thereon, the program instruc 
tions configured to have the one or more processors perform 
the steps of transmitting a request for mask information via 
the mobile telecommunications network to a mask database 
server, the request including information indicating the cur 
rent location of the mobile terminal; receiving, in response, 
the mask information from the mask database server, and 
setting a visibility mask for the satellite navigational system 
signals based on the received mask information correspond 
ing to the current location of the mobile terminal. 
0016. According to still another aspect of the present 
invention, a mask database server is provided, including one 
or more processors; and at least one non-transitory computer 
readable medium having program instructions recorded 
thereon, the program instructions configured to have the one 
or more processors perform the steps of receiving requests 
from portable devices regarding mask information corre 
sponding to specific locations; retrieving mask information 
corresponding to the specific locations from one or more 
mask databases; and transmitting mask information corre 
sponding to specific locations to the requesting portable 
devices. 
0017. According to another embodiment of the present 
invention, a system for providing mask information to por 
table devices capable of receiving satellite navigational sys 
tem signals is provided, including one or more mask database 
servers configured to store mask information according to a 
corresponding area; a plurality of portable devices connected 
to at least one mobile telecommunication network, each of the 
plurality of portable device configured to receive and transmit 
data to and from the one or more mask database servers via the 
at least one mobile telecommunication network, each of the 
plurality of portable devices including at least one non-tran 
sitory computer-readable medium having program instruc 
tions stored therein, the program instructions configured to 
have the one or more processors perform the steps of trans 
mitting a request for mask information via the mobile tele 
communications network to at least one of the one or more 
mask database servers, the request including information 
indicating a current location of a portable device; receiving, in 
response, mask information corresponding to an area includ 
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ing the current location from the at least one mask database 
server; and setting a visibility mask for the satellite naviga 
tional system signals based on the received mask information 
corresponding to the current location of the portable device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The above and other aspects, features and advan 
tages of embodiments of the present invention will be more 
apparent from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 
0019 FIG. 1 is a diagram of a portable device 100 accord 
ing to an embodiment of the present invention; 
0020 FIG. 2A is a diagram of a mobile terminal 200A 
which uses a network-based mask database according to an 
embodiment of the present invention; 
(0021 FIG. 2B is a diagram of a mobile terminal 200B 
which stores its own mask database according to an embodi 
ment of the present invention; 
0022 FIG. 2C is a diagram of a mobile terminal 200C and 
various possible mask databases and communication links 
according to an embodiment of the present invention; 
(0023 FIGS. 3A-3F illustrate various visibility masks 
according to embodiments of the present invention; 
0024 FIG. 4A is a flow diagram showing the information 
transfer between a Mask Database Client and a Mask Data 
base Server according to an embodiment of the present inven 
tion; 
0025 FIGS. 4B and 4C show two variations on the transfer 
of information between a Mask Database Client and a Mask 
Database Server according to embodiments of the present 
invention; 
0026 FIG. 5 shows the data structure of a Mask Database 
according to an embodiment of the present invention; 
0027 FIG. 6 is a flowchart illustrating a method for 
searching for and/or updating mask information, according to 
an embodiment of the present invention; and 
0028 FIG. 7 is a flowchart illustrating a method for per 
forming step 650 in FIG. 6, i.e., to update mask information, 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE PRESENT INVENTION 

0029. Various embodiments of the present invention will 
be described in detail below with reference to the accompa 
nying drawings, wherein like reference numerals are gener 
ally used to refer to like elements throughout. In the following 
description, for purposes of explanation, numerous specific 
details are set forth in order to provide a thorough understand 
ing of the claimed subject matter. It may be evident, however, 
that the claimed subject matter may be practiced without 
these specific details. In other instances, structures and 
devices are illustrated in block diagram form in order to 
facilitate describing the claimed Subject matter. 
0030. In general, the present invention relates to improv 
ing the power consumption/saving for any portable device 
having a GNSS receiver/processing capability by reducing 
the expenditure of GNSS resources on SVs blocked by local 
environmental conditions. In embodiments of the present 
invention, information concerning local environmental con 
ditions causing SV signal blockage are extracted, learned, 
and/or otherwise stored over time. Such information may be 
directly derived by, e.g., recognition of blocking structures 
and/or terrain from 3 Dimensional (3D) Maps or LiDAR 
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(Laser-based Radar) and extracting data therefrom, and/or 
indirectly derived by, e.g., storing data from one or more users 
traversing a particular region over time and finding, for 
example, that no SVs are ever acquired/tracked in one or more 
sections of the sky (i.e., “learning). Such information may be 
stored in one or more databases, locally and/or networked, 
and used by one or more portable devices to reduce acquisi 
tion and/or tracking activity relative to regions of the sky 
which are known to be or likely to be blocked from view. 
0031. In embodiments of the present invention, informa 
tion concerning one or more visibility masks is the primary 
means for reducing acquisition and/or tracking power con 
Sumption relative to regions of the sky which are known to be 
or likely to be blocked from view. A visibility mask is a means 
for “masking portions of the sky in terms of GNSS func 
tions—i.e., even if other information indicates that an SV is 
located in a masked portion of the sky, the GNSS receiver will 
not try to, inter alia, acquire and/or track its signal. Many 
GNSS receivers automatically use a 10° visibility mask to 
prevent the acquisition and tracking of SVs estimated to be 
within 10° of the horizon because that portion of sky is usu 
ally blocked from view by terrain, man-made objects, etc. 
Visibility masks will be discussed in more detail in reference 
to FIGS. 3A-3F according to embodiments of the present 
invention. 

0032 FIG. 1 is a diagram of a portable device 100 accord 
ing to an embodiment of the present invention. Portable 
device 100 could be any of, e.g., a mobile terminal, a camera, 
a multimedia player, a notepad computer, a laptop computer, 
a portable navigational tool, or a navigational tool which can 
be removably plugged into or otherwise integrated into a type 
of moving vehicle. Such as, for example, an automobile. Por 
table device 100 is represented by a shaded and dotted-line 
box, labeled “In Device to indicate that the Mask Database 
120 functionality according to the present invention may have 
parts in portable device 100 and parts outside of portable 
device 100, as will be discussed in further detail below. 
0033 Portable device 100 has a plurality of receivers and 
transceivers 110, including a GNSS receiver, a mobile/cellu 
lar telecommunications system transceiver (Cell), and a 
Wireless Local Area Network (WLAN) transceiver, such as, 
e.g., an IEEE 802.11 or Bluetooth transceiver, and wired 
Local Area Network (LAN) functionality, such as, e.g., IEEE 
802.3 (Ethernet). These receivers/transceivers 110 may have 
separate and/or shared components, such as antennae and 
reception chains. The three solid dots in the receiver/trans 
ceiver 110 box indicate here, and elsewhere in this applica 
tion, that more receivers/transceivers may exist in portable 
device 100. 

0034 Portable device 100 also has one or more processors 
130. As is well-known to one of ordinary skill in the art, the 
number of processors would depend on the specific portable 
device in which the present invention is being implemented. 
For example, a mobile terminal may have less, and more- or 
less-specialized, processors than a laptop computer, and thus 
some of the functions described herein in relation to one or 
more processors 130 may be further distributed among vari 
ous processors in a laptop computer than in a mobile terminal. 
As another example, depending on the embodiment, compo 
nents such as receivers/transceivers 110 may have indepen 
dent hardware controllers (which constitute processors) 
which perform functions for direct control of one or more 
components, while one or more separate processors perform 
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most of the analysis and processing discussed herein in ref 
erence to embodiments of the present invention. 
0035. According to an embodiment of the present inven 
tion, portable device 100 also has Mask Database module 
120, which is shown in FIG. 1 as both overlapping one or 
more processors 130 and extending outside portable device 
100. The overlap with one or more processors 140 indicates 
that portions of Mask Database module 120 may be in the 
form of program instructions that are executed on the one or 
more processors 130. While other components in portable 
device 100 may also be in the form of program instructions 
executed on one or more processors 130, the fact that such 
components may or may not be executed on one or more 
processors 130 is peripheral to the description of embodi 
ments of the present invention, as one of ordinary skill in the 
art would know. 

0036 Mask Database module 120 controls and imple 
ments access to, and analysis and storage of mask informa 
tion according to embodiments of the present invention. As 
discussed in further detail in reference to specific embodi 
ments below, such mask information may include, without 
limitation, whole and/or partial visibility masks appropriate 
for a GNSS receiver located at a specific position and/or 
moving in a specific region in a specific direction, data from 
one or more GNSS receivers concerning the likelihood of 
acquiring/tracking SVs when located at a specific position 
and/or moving in a specific region in a specific direction, 
and/or data derived from one or more sources (such as map 
ping data, Survey data, topographical data, etc.) concerning 
the regions of sky likely blocked from a GNSS receiver 
located at a specific position and/or moving in a specific 
region in a specific direction. Depending on the specific 
embodiment, Mask Database module 120 will access, store, 
analyze, or otherwise use mask information stored on at least 
one of portable device 100, a connectable data storage unit, a 
local Mask Database service, and/or a network Mask Data 
base service. 

0037 Maskinformation stored in portable device 100 may 
be downloaded from and/or updated by connecting over a 
network with a central Mask Database service. In some 
embodiments, portable device 100 may store only the most 
immediately needed Mask Database information, and almost 
all Mask Database information originates from, and is stored 
by, a Mask Database service which transmits information to 
portable device 100 over a mobile telecommunications net 
work. Such embodiments would have multiple central Mask 
Database servers and possibly intermediate and local servers 
for caching some of the Mask Database information. In other 
embodiments, a local Mask Database service may be pro 
vided, for example, as a standalone service and/or as a local 
augment to one or more mapping, navigational, and/or GNSS 
services. 

0038 Mask Database module 120 may log data concern 
ing the acquisition and/or tracking of SVs when portable 
device 100 is located at a specific position and/or moving in a 
specific region in a specific direction. Such data may include 
information identifying one or more regions of the sky where 
SVs are hardly ever found. Any raw acquisition/tracking data 
received and/or generated by portable device 100 may be 
processed and/or otherwise modified by one or more proces 
sors 130 before being stored by Mask Database module 120. 
The storage and analysis of any logged data depends on the 
specific implementation of the embodiment of the present 
invention. For example, in one embodiment, portable device 
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100 stores and primarily uses data it has collected itself, 
thereby providing a Mask Database profile of ever-increasing 
accuracy (albeit narrow usage). The Mask Database profile 
may be stored in portable device 100, in a connectable and 
portable data storage unit, and/or a connectable but mostly 
immobile data storage unit at a location frequently visited by 
the user of portable device 100. For example, a user's Mask 
Database profile may be stored on a storage unit in a user's 
home and logged data is either continually transmitted to it 
via the Internet and/or a mobile telecommunications network 
or periodically uploaded, i.e., whenever portable device 100 
can connect via the user's home WLAN to the storage unit. 
0039. In other embodiments, Mask Database module 120 
may upload logged data to one or more databases as part of a 
regional and/or network service shared amongst many users. 
In Such embodiments, data concerning the acquisition and/or 
tracking of SVs when portable device 100 is located at a 
specific position and/or moving in a specific region in a spe 
cific direction is aggregated from many portable devices, and 
then mask information based on Such data is provided to any 
portable device located in that specific position and/or mov 
ing in that specific region in the same specific direction. As 
would be understood by one of ordinary skill in the art, 
although hardware is necessarily involved with the functions 
described in reference to Mask Database module 120, any of 
those functions may be performed by software, hardware, or 
a combination of the two, and those functions may be merged 
together and/or further separated out (by dividing a function 
into Subfunctions), depending on the specific implementation 
of portable device 100 according to embodiments of the 
present invention. 
0040 FIGS. 2A-2C demonstrate the range of possible 
implementations of a mobile terminal according to embodi 
ments of the present invention. Like portable device 100, the 
mobile terminal could be any of, e.g., a mobile terminal (Such 
as a cellular telephone), a camera, multimedia player, a note 
pad computer, a laptop, a portable navigational tool, or any 
personal consumer electronic device having GNSS capabil 
ity. In FIG. 2A, a network-based system of one or more 
databases provide the mobile terminal with mask information 
for its current location and/or present course of travel via a 
mobile telecommunications network. In FIG. 2B, the mobile 
terminal stores and uses mask information for its current 
location and/or present course of travel stored on its on-board 
memory. FIG. 2C illustrates many of the possible storage 
locations for mask information and possible communication 
links for uploading and downloading data from and to the 
mobile terminal according to embodiments of the present 
invention. In each of the embodiments shown in FIGS. 
2A-2C, data from the mobile terminal concerning, interalia, 
the relative Success of acquisition and/or tracking at different 
locations and/or courses of travel is stored in order to update 
mask information for those different locations and/or courses 
of travel. 

0041 FIG. 2A is a diagram of a mobile terminal 200A 
with a network-based mask database according to an embodi 
ment of the present invention. Although it may have more, 
only two communication means are shown in FIG. 2A for 
mobile terminal 200A: GNSS receiver 210 and mobile/cellu 
lar telecommunications system transceiver 212. GNSS 
receiver 210 receives signals from a plurality of GNSS satel 
lites 211 of one or more GNSS system constellations, which 
may include, e.g., GPS, Galileo, GLONASS, and/or BeiDou. 
Cell transceiver 212 receives and transmits signals to one or 
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more local base stations 213 using one or more mobile tele 
communications standards, Such as, e.g., the various Long 
Term Evolution (LTE) telecommunication standards promul 
gated by the 3' Generation Partnership Project (3GPP). 
These receivers/transceivers 210/212 may have separate 
antennae and reception chains, and may share an antenna and 
one or more components for the reception and/or processing 
of signals. 
0042 Cell base station 213 is connected with one or more 
networks 250, which, in this embodiment, includes the Inter 
net, and, through one or more networks 250, cell base station 
213 is connected with Mask Database Network Server 227. 
Through these connections, mobile terminal 200A can 
upload and download data from Mask Database Network 
Server 227 via the mobile telecommunication network of 
which cell base station 213 is a part. 
0043 Mobile terminal 200A has one or more processors 
230. As discussed above, the number, type, location, etc., of 
processors would depend on the specific implementation of 
mobile terminal 200A, whether the mobile terminal is a cel 
lular telephone or notepad computer, etc. As shown in FIG. 
2A, one or more processors 230 have one or more uni- and/or 
bidirectional communication links with, inter alia, GNSS 
receiver 210 and mobile/cellular telecommunications system 
transceiver 212. 
0044) The one or more processors 230 in mobile terminal 
200A have Mask Database Client 220 running on it. Mask 
Database Client 220 requests, via cell base station 213, mask 
information from Mask Database Network Server 227, where 
such mask information regards mobile terminal 200A's cur 
rent location and/or present course of travel in a specific 
region in a specific direction. Mask Database Client 200 also 
uploads data concerning, inter alia, the relative Success of 
acquisition and/or tracking at different locations and/or 
courses of travel, to Mask Database Network Server 227. 
Mask Database Network Server 227 will use such data 
uploaded from mobile terminal 200A and other portable 
devices to continually update and refine mask information for 
specific locations and/or courses of travel. Although Mask 
Database Network Server 227 is shown as a singular entity in 
FIG. 2A, in most embodiments, the functions of Mask Data 
base Network Server 227 would be distributed among a plu 
rality of software and/or hardware components directly con 
nected and/or connected by one or more private and/or public 
networks. For example, the processing of portable device 
requests and the provisioning of mask information to request 
ing portable devices would be performed by one or more 
network servers, whereas the reception and processing of 
acquisition/tracking data uploaded from portable devices 
would be implemented by different network servers, and the 
storage of mask information and uploaded acquisition/track 
ing data would be handled by database servers and database 
server farms and/or some other form of "cloud' storage. 
0045. In FIG. 2A, all of the mask information and track 
ing/acquisition data is downloaded from and uploaded to 
Mask Database Network Server 227 via a mobile telecom 
munications network. In this manner, many portable devices 
can share and use the mask information. By contrast, mobile 
terminal 200B in FIG. 2B stores and uses its own mask 
information and tracking/acquisition data. 
0046. In FIG. 2B, mobile terminal 200B has In-Device 
Memory/Data Storage 240, which may comprise one or more 
of Random Access Memory (RAM), Read-Only Memory 
(ROM), flash memory, a disk drive, and any other storage 
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means known to those of ordinary skill in the art for storing 
data on a mobile terminal. Besides being comprised of dif 
ferent types of data storage. In-Device Memory/Data Storage 
240 may be distributed amongst a plurality of memories/data 
storages in mobile terminal 200B. Mask Database Client 220 
and at least a portion of Mask Database In-Device Server 
221B run on the processors 230 in mobile terminal. Similar to 
Mask Database Network Server 227, Mask Database In-De 
vice Server 221B provides mask information for mobile ter 
minal 200's current location and/or present course of travel 
and stores/indexes of data concerning, interalia, the relative 
Success of acquisition and/or tracking at mobile terminal 
200's current location and/or present course of travel. As with 
FIG. 2B, Mask Database Client 220 controls, directs, or oth 
erwise implements the logging of data concerning, interalia, 
the relative Success of acquisition and/or tracking in mobile 
terminal 200’s current location and/or present course of 
travel. The logged data, Subsequently stored via Mask Data 
base In-Device Server 221B, is used to adapt/modify mask 
information over time. 

0047 FIG. 2C illustrates many of the possible storage 
locations for mask information and possible communication 
links for uploading and downloading data from and to the 
mobile terminal according to embodiments of the present 
invention, including both Mask Database Network Server 
227 of FIG. 2A and a modified form of Mask Database 
In-Device Server 221B of FIG. 2B. 

0048 Mobile terminal 200C has WLAN transceiver 214 
and LAN module 216 in addition to GNSS receiver 210 and 
mobile/cellular telecommunications system transceiver 212. 
WLAN transceiver 214 receives and transmits signals to one 
or more WLAN base stations 215, using one or more of the 
IEEE 802.11 standards. LAN module 216 receives and trans 
mits signals when connected to LAN 217, which may use a 
LAN standard, such as IEEE 802.3. Mobile terminal 200C 
may also have other means of communication and/or data 
input/output than those shown in FIG. 2C. 
0049 Mobile terminal 200C has two physical connectors 
261 and 263. Connector 261 is for connecting with LAN 217. 
Connector 263 provides a more or less direct route for the 
download and upload of data from and to In-Device Memory/ 
Data Storage 240. Connector 263 may provide a detachable 
connection with, e.g., a desktop computer, and/or an Off 
Device Memory/Data Storage 245 as shown in FIG. 2C, 
which may comprise any type of portable memory. In 
embodiments utilizing such a connection, acquisition/track 
ing data stored on In-Device Memory/Data Storage 240 may 
be uploaded onto Off-Device Memory/Data Storage 245, and 
mask information stored on Off-Device Memory/Data Stor 
age 245 may be downloaded to In-Device Memory/Data Stor 
age 240. In some embodiments, Off-Device Memory/Data 
Storage 245 may remain connected to mobile terminal 200C 
to provide Substantially real-time access and storage for 
mobile terminal 200C. In embodiments where Off-Device 
Memory/Data Storage 245 is used merely for data transfer, 
Off-Device Memory/Data Storage 245 is detachably con 
nectable, via connector 265, to LAN 217, a desktop computer, 
and/or some other data source. Those data sources, in turn, 
either comprise a Mask Database or provide a connection to 
one or more Mask Databases. In FIG. 2C, for example, LAN 
217 provides a connection to Mask Database WLAN/LAN 
Server 223 and/or Mask Database Network Server 227 via 
one or more networks 250. In some embodiments, LAN con 
nector 261 is used to connect mobile terminal 200C directly to 
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LAN 217, thereby providing a connection to Mask Database 
WLAN/LAN Server 223 and/or Mask Database Network 
Server 227 for uploading and/or downloading data. 
0050 Mask Database Client 220 and at least a portion of 
Mark Database In-Device/Connectable Server 221C are run 
ning on the processors 230 in mobile terminal 200C. Similar 
to FIG. 2B, Mask Database In-Device/Connectable Server 
221C provides mask information and stores acquisition/ 
tracking data, but Mask Database In-Device/Connectable 
Server 221C may also download mask information and/or 
upload tracking/acquisition data from and to other Mask 
Databases. Thus, In-Device/Connectable Server 221C in 
FIG. 2C may be provided with mask information periodically 
updated by one or more external Mask Databases, and/or may 
periodically provide acquisition/tracking data to one or more 
external Mask Databases. In some embodiments, In-Device? 
Connectable Server 221C may operate essentially as a local 
cache while data is substantially continuously provided by 
one or more external Mask Databases via, for example, the 
mobile telecommunications network. 

0051 FIG. 2C illustrates various possible Mask Database 
Servers and various possible communication links in a system 
including them and mobile terminal 200C. The Mask Data 
base Servers include, from the largest to the Smallest coverage 
area, Mask Database Network Server 227, Mask Database 
Cell/WAN Server 225, Mask Database WLAN/LAN Server 
223, and Mask Database In-Device/Connectable Server 
221C. In a distributed embodiment of the present invention, 
some or all of these types of Mask Database Servers would be 
used for the continual analysis, uploading, downloading, Stor 
age, and caching of data. For example, in one embodiment, 
Mask Database Cell/WAN Server 225 may work with, or be 
comprised of a network of Mask Database WLAN/LAN 
Servers 223. In embodiments where the mobile telecommu 
nications network provides the service, the Mask Database 
Server may comprise a network of Mask Database Cell/WAN 
Servers 225. In other embodiments, mobile terminal 200C 
may only download mask information from Mask Database 
Cell/WAN Server 225 through the mobile telecommunica 
tions network, while acquisition/tracking data concerning 
specific locations and/or specific courses of travel are 
uploaded to Mask Database WLAN/LAN Servers 223 and 
subsequently transmitted to and stored by Mask Database 
Network Server 227, which performs the analysis required 
for providing updated mask information to Mask Database 
Cell/WAN Server 225. Like the Database Servers, the com 
munication links in FIG. 2C illustrate the various possibili 
ties, and embodiments of the present invention may use, one, 
some, or all of the links in FIG. 2C. 
0052 FIGS. 3A-3F illustrate various visibility masks 
according to embodiments of the present invention. More 
specifically, FIGS. 3A-3F are planar representations, with 
polar coordinates, of the sky above a GNSS receiver. Thus, in 
FIG. 3A, the line 305 that is the circumference of the circular 
plane 300 represents the horizon, and the point 310 at the 
center of circular plane 300 is the Zenith, the point directly 
overhead in the sky. From the horizon305 to the Zenith 310 is 
from 0° altitude to 90° altitude. SVs 321, 323, 325, 327, and 
329 are represented by X's in FIG. 3A. FIG. 3A also has 
visibility mask, which is represented by a dotted circular line 
330. Mask 330 has an angle of about 10°, which means 
everything below 10° above the horizon 305 is blocked. SV’s 
in an area blocked by a visibility mask are neither acquired 
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nor tracked. Thus, SV 329 would not be acquired/tracked by 
a GNSS receiver having sky 300 above and visibility mask 
330 as shown in FIG. 3A. 
0053 Mask information provided to mobile terminal 200 
by one or more Mask Databases according to embodiments of 
the present invention may include mask angles or other mask 
dimensions and/or preset masks. For example, maskinforma 
tion provided by an embodiment of the present invention may 
simply be an increased mask angle. In other words, the stan 
dard mask angle is 10° as shown in FIG. 3A, but based on 
acquisition/tracking and/or other data, a system according to 
an embodiment of the present invention determines that a 
mask 330B as shown in FIG. 3B having an angle of around 
35° is more appropriate for mobile terminal 200's current 
location and/or course of travel. Using Such a mask, the 
GNSS components in mobile terminal 200 will not attempt to 
acquire/track any SV below 35°, as shown by the dotted line 
33 OB in FIG. 3B. 
0054 Mask information provided to mobile terminal 200 
by the Mask Database(s) according to an embodiment of the 
present invention may indicate the shape of the visibility 
mask in terms of mobile terminal 200’s present course of 
travel. For example, if mobile terminal 200 is proceeding 
along a course of travel having a direction 340 (i.e., trajectory 
340) as indicated in FIG. 3C, the mask information provided 
by the Mask Database(s) may indicate that mask330C should 
be used. Mask 330C may be appropriate where the user of 
mobile terminal 200 is walking down a city street, and the sky 
is mostly blocked on both sides, but viewable bothin front and 
in back of the user (regardless of which direction the user is 
traveling, i.e., whether up or down the street). 
0055 FIG. 3D illustrates one way of dealing with areas in 
the sky that are along-track, i.e., along the direction of motion 
340, or cross-track, i.e., orthogonal to the direction of motion 
340 (i.e., trajectory 340). In FIG.3D, the visibility mask330D 
has different elevations based on whether the region of sky is 
along-track or cross-track. 
0056 FIGS. 3E and 3F illustrate another way of dealing 
with visibility masks, where the mask angle changes based on 
the user's trajectory/direction of motion (when located in 
roughly the same area), according to an embodiment of the 
present invention. Thus, if the GNSS receiver detects direc 
tion of motion 340E while in a specific area, the system 
according to this embodiment of the present invention will 
provide visibility mask 330E (or, more accurately, the mask 
angle corresponding to mask330E). If, on the other hand, the 
GNSS receiver detects direction of motion 340F while in the 
same specific area, the system according to this embodiment 
of the present invention will provide visibility mask330F (or, 
more accurately, the mask angle corresponding to mask 
330F). This embodiment is based on the approximation of 
what street the GNSS receiver is travelling on within, for 
example, a city's grid. In other words, without necessarily 
detecting the exact location of the GNSS receiver, the direc 
tion of motion of the GNSS receiver in a specific area will 
indicate what path/road the GNSS receiver is on. For 
example, if a GNSS receiver is in New York City in the area of 
Madison Avenue (which runs North-South) and 44" Street 
(which runs East-West) and is detected going North, a system 
according to an embodiment of the present invention would 
provide the appropriate mask information for one heading 
North on Madison Avenue. 

0057. In an embodiment using any of FIGS. 3C-3F, where 
there is different along-track and cross-track mask informa 
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tion in the mask database, a GNSS receiver can optimize its 
acquisition and tracking strategy and reduce its power con 
Sumption. When abrupt changes affecting signal availability 
are made (such as a turn from one city Street to another), mask 
information specific to the new conditions (such as a new 
trajectory) may be provided and used by the GNSS receiver. 
Such mask information allows the GNSS receiver to deter 
mine the optimum time/location for, e.g., turning on and off 
acquisition and/or tracking channels for particular SVs. 
0.058 FIG. 4A is a flow diagram showing the information 
transfer between a Mask Database Client and a Mask Data 
base Server according to an embodiment of the present inven 
tion, while FIGS. 4B and 4C show two variations on the 
transfer of information between a Mask Database Client and 
a Mask Database Server according to embodiments of the 
present invention. FIG. 5 shows the data structure of a Mask 
Database according to an embodiment of the present inven 
tion. 

0059. In FIG. 4A, Mask Database Client 420A is running 
on cell phone 400A, while Mask Database Server 427A is 
connected to the Mask Database Client 420A through a 
mobile telecommunications system and possibly one or more 
networks. In step 440, Mask Database Client 420A asks for 
assisted information from Mask Database Server 427A, 
where the assisted information includes at least mask infor 
mation regarding cell phone 400A's current location and/or 
present course of travel in a specific region in a specific 
direction (i.e., trajectory). This embodiment may be imple 
mented in an augmented GNSS system, where a system for 
providing such assisted information is already in place. In 
step 450, Mask Database Server 427A responds back with the 
assisted information including mask information. As dis 
cussed below in reference to FIG. 5, the provided mask infor 
mation in this embodiment of the present invention is in the 
form of data from a tile record, including along-track and 
cross-track mask angles. In step 460, Mask Database Client 
420A donates back useful information to be stored in Mask 
Database Server 427A. 

0060. There are various types of information that may be 
transferred between the Mask Database Client and the Mask 
Database Server, as would be understood by one of ordinary 
skill in the art. For example, as shown in FIG. 4B, the Mask 
Database Client 420B (in this case, in Mobile Terminal 400B) 
has determined its coarse position and provides this along 
with an assistance request to an Assistance Server 427B (act 
ing as the Mask Database Server in this embodiment). The 
Assistance Server 427B uses that course position information 
to find the appropriate tile record from the Tile Records Data 
base 429B, and then sends a response to the Mobile Terminal 
400B including information from the retrieved tile record. As 
another example, as shown in FIG. 4C, after receiving the 
assistance request, the Assistance Server 427C itself deter 
mines the coarse position of Mobile Terminal 400C using 
other information, such as the cellularid of Mobile Terminal 
400C or WiFi positioning information. 
0061 FIG. 5 shows the data structure of a Mask Database 
according to an embodiment of the present invention. Mask 
Database 500 contains a plurality of tile records, which are 
grouped into regions. Each tile is a bounded geographic area, 
and a tile record contains information associated with that 
tile, including mask information (such as, e.g., along-track 
and cross-track mask angles for that tile). A region is a col 
lection of tile records relevant to a geographic area and, in this 
embodiment, a map is a collection of regions relevant to a 
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large geographic area. While “cross-track and "along-track 
are defined only in relation to the motion of the mobile ter 
minal, any trajectory-based mask angle data stored in the tile 
records of Mask Database 500 must be associated with an 
absolute reference grid. Thus, for example, a tile record in 
Mask Database 500 may have EastWest trajectory maskangle 
data and NorthSouth trajectory mask angle data. When a 
Mask Database Client sends information indicated that the 
mobile terminal it is embodied in is moving from East to West 
in a given tile, the Mask Database Server would retrieve the 
appropriate tile record from Mask Database 500 and send the 
Mask Database Client the East-West trajectory mask angle 
data as along-track mask information and the NorthSouth 
trajectory mask angle data as cross-track mask information. 
In other embodiments, each tile record may have many more 
gradations of possible trajectories (i.e., many more compass 
points than just the ordinal North, South, East, and West) or 
the Mask Database Server could possibly interpolate more 
specific trajectory data for a mobile terminal from whatever 
trajectory data is stored in the appropriate tile record. 
0062 FIG. 6 is a flowchart illustrating a method for 
searching for and/or updating maskinformation, according to 
an embodiment of the present invention. In step 610, current 
information regarding the GNSS receiver is extracted, such 
as, e.g., position, position uncertainty, heading/trajectory, SV 
elevations, etc. Based on that information, a region corre 
sponding to the GNSS receiver's position is searched for in 
step 620, from a database of regions 615. In step 625, it is 
determined whether a matching region has been found. If 
there is, in step 630, the specific tile record corresponding to 
the GNSS receiver's position is searched for within the 
matching region found in step 620. In this embodiment, the 
regions are preset selections of tile records corresponding to 
preselected geographic areas which are Suitable for Such 
grouping. 
0063. In step 635, it is determined whether the tile record 
exists for the GNSS receiver's position in the found region. If 
Such a tile record does not exist, a new tile record is created in 
step 640. After either the new tile is created in step 640 or the 
tile record does exist in step 635, the tile record is updated 
with new mask information, Such as new mask angle values, 
in step 650. More details concerning update step 650 are 
provided below with reference to FIG. 7. After update step 
650, the tile record is returned in step 660, and the mask 
information (such, as, e.g., one or more mask angles) for that 
tile is sent to the Mask Database Client. After that, or if it is 
determined in step 625 that no region was found in the data 
base in step 620, the method ends. 
0064 FIG. 7 is a flowchart illustrating a method for per 
forming step 650 in FIG. 6, i.e., to update mask information, 
according to an embodiment of the present invention. In step 
710, the method starts with the list of SV’s that are currently 
being tracked is formed. In step 720, the line of sight angles 
(elevation and azimuth) associated with each SV are provided 
by the Mask Database Client to the Mask Database. Using the 
tile record that includes the GNSS receiver's current position 
in step 730, the Mask Database Server evaluates whether the 
newly received line of sight angles are of a lower elevation 
than previously stored line of sight angles within an incre 
mental azimuth range. An incremental azimuth range is an 
azimuth bin, which can be understood as a sector, wedge, or 
other unit of space within the azimuth plane. Such as are 
shown in FIGS. 3A-3F. If the newly received line of sight 
angles are of lower elevation, the elevation angle for the 
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incremental azimuth range is updated with the newly pro 
vided elevation angle in step 740. The process then repeats for 
each SV for which newly provided line of sight data is avail 
able (step 750) until all line of sight data has been processed 
(“Done with update'). 
0065. While several embodiments have been described, it 
will be understood that various modifications can be made 
without departing from the scope of the present invention. 
Thus, it will be apparent to those of ordinary skill in the art 
that the invention is not limited to the embodiments 
described, but can encompass everything covered by the 
appended claims and their equivalents. 
What is claimed is: 
1. A method for a portable device capable of receiving 

satellite navigational system signals to receive visibility mask 
information, comprising: 

retrieving mask information corresponding to a current 
location of the portable device; and 

setting a visibility mask based on the retrieved mask infor 
mation corresponding to the current location of the por 
table device. 

2. The method of claim 1, wherein retrieving mask infor 
mation comprises: 

retrieving mask information corresponding to at least one 
of a current location and a trajectory of the portable 
device. 

3. The method of claim 1, wherein retrieving mask infor 
mation comprises: 

transmitting a request to a mask database server, the 
request comprising information indicating the current 
location of the portable device; and 

receiving, in response, the maskinformation from the mask 
database server. 

4. The method of claim 1, further comprising: 
transmitting, by the portable device, acquisition and track 

ing information corresponding to a current location of 
the portable device to a mask database server. 

5. The method of claim 4, wherein transmitting comprises: 
transmitting, by the portable device, acquisition and track 

ing information corresponding to at least one of a current 
location and trajectory of the portable device to the mask 
database server. 

6. The method of claim 4, wherein the mask database 
server is configured to store the transmitted acquisition and 
tracking information according to the corresponding loca 
tion. 

7. The method of claim 1, wherein mask information com 
prises a mask angle. 

8. A portable device, comprising: 
a receiver configured to receive at least satellite naviga 

tional system signals; 
one or more processors; and 
at least one non-transitory computer-readable medium 

having program instructions stored therein, the program 
instructions configured to have the one or more proces 
sors perform the steps of: 
retrieving mask information corresponding to a current 

location of the portable device; and 
setting a visibility mask for the satellite navigational 

system signals based on the retrieved mask informa 
tion corresponding to the current location of the por 
table device. 
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9. A mobile terminal, comprising: 
a receiver configured to receive at least satellite naviga 

tional system signals: 
a mobile telecommunication network transceiver config 

ured to at least transmit and receive signals of a mobile 
telecommunications network; 

one or more processors; and 
at least one non-transitory computer-readable medium 

having program instructions stored therein, the program 
instructions configured to have the one or more proces 
sors perform the steps of: 
transmitting a request for mask information via the 

mobile telecommunications network to a mask data 
base server, the request comprising information indi 
cating the current location of the mobile terminal; 

receiving, in response, the mask information from the 
mask database server; and 

Setting a visibility mask for the satellite navigational 
system signals based on the received mask informa 
tion corresponding to the current location of the 
mobile terminal. 

10. A mask database server, comprising: 
one or more processors; and 
at least one non-transitory computer-readable medium 

having program instructions stored therein, the program 
instructions configured to have the one or more proces 
sors perform the steps of: 
receiving requests from portable devices regarding mask 

information corresponding to specific locations; 
retrieving mask information corresponding to the spe 

cific locations from one or more mask databases; and 
transmitting mask information corresponding to specific 

locations to the requesting portable devices. 
11. The mask database server of claim 10, wherein the 

program instructions are further configured to have the one or 
more processors perform the step of 

receiving, from a portable device, acquisition and tracking 
information corresponding to a current location of the 
portable device. 

12. The mask database server of claim 11, wherein the 
program instructions are further configured to have the one or 
more processors perform the step of: 

storing the transmitted acquisition and tracking informa 
tion according to its corresponding location, wherein the 
acquisition and tracking information is used to generate 
mask information for the corresponding location. 
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13. The mask database server of claim 10, wherein the 
program instructions are further configured to have the one or 
more processors perform the step of: 

storing mask information according to its corresponding 
tile, wherein each tile is an area within a region, and 
mask information is retrieved according to a tile corre 
sponding to a current location of a portable device. 

14. The mask database server of claim 13, wherein the 
program instructions are further configured to have the one or 
more processors perform the step of: 

creating mask information to be stored according to a tile 
when there is no mask information presently stored cor 
responding to the tile and a request has been received 
from a portable device regarding mask information cor 
responding to the tile. 

15. The mask database server of claim 14, wherein the 
mask information to be stored is created from information 
provided by the portable device which transmitted the request 
regarding mask information corresponding to the tile. 

16. A system for providing mask information to portable 
devices capable of receiving satellite navigational system 
signals, comprising: 
one or more mask database servers configured to store 
mask information according to a corresponding area; 

a plurality of portable devices connected to at least one 
mobile telecommunication network, each of the plural 
ity of portable devices configured to receive and transmit 
data to and from the one or more mask database servers 
via the at least one mobile telecommunication network, 
each of the plurality of portable devices comprising: 
at least one non-transitory computer-readable medium 

having program instructions stored therein, the pro 
gram instructions configured to have the one or more 
processors perform the steps of: 
transmitting a request for mask information via the 

mobile telecommunications network to at least one 
mask database server, the request comprising infor 
mation indicating a current location of a portable 
device; 

receiving, in response, mask information correspond 
ing to an area comprising the current location from 
the at least one mask database server; and 

setting a visibility mask for the satellite navigational 
system signals based on the received mask infor 
mation corresponding to the current location of the 
portable device. 


